Abstract -Observations dealing with the synthesis and properties of glycosides are reported. A description is given of the use of 1-Q-sulfonyl derivatives, prepared from aldoses with sulfonic anhydrides, as intermediates for the synthesis of glycosides and glycosyl halides; the synthesis of disaccharides containing ~mannopyranosyl residues receives particular attention. Glycosyl esters are formed by reactions of carboxylic acids with 1,2-alkyl orthoacetates. Measurements of 13c-1H coupling are discussed in relation to studies on the orientation of glycosidic bonds in di-and oligosaccharides, and to anomalaus spectral characteristics exhibited by glycosides of 5-thio-~-galactopyranose.
INTRODUCTION
Several topics of current interest in the author's laboratory are dealt with here. Each of these is concerned with some aspect of the chemistry of simple glycosides, or of di-and oligosaccharides. Unpublished data reported here were obtained in collaboration with F. Balza, N. Cyr, G.K. Hamer, R. Helleur, J. Leroux, J.E.N. Shin, R.G.S. RLtchie and G.J. Williams.
SYNTHESIS OF GLYCOSIDES OF ~-MANNOPYRANOSE
Most glycoside syntheses, aside from those of the simple 1-~alkyl type, involve the reaction of a glycosyl halide with an appropriate alcohol in the presence of an acid acceptor. The Koenigs-Knorr reaction (Refs. 1,2) is perhaps the best known of these. Disaccharides containing a-D-mannopyranosyl residues (1) may be synthesized (Refs. 3,4) using Koenigs-Knorr conditions=through the reaction of 2,3,4,6-tetra-0-acetyl (or -benzoyl)-a-~-mannopyranosyl bromide (2) with a suitable ~~nosaccharide derivative (3) in the presence Öf silver oxide. That is, the reaction proceeds with virtually complete ;etention of configuration. In an analogaus manner, disaccharides in the a-~rhamnopyranosyl series may be obtained {Ref. 3). The stereochemical outcome of these syntheses has been ascribed {Ref. 4) to neighbouring group participation (Refs. 5-7) by the Ac0-2 group of 2. Indeed, a 1,2-orthoacetate form (4) of disaccharide 1 has been reported (Ref~. 8,9) as a minor by-product, and the yield of 4-[preferentially the OR-exo disastereomer (Refs. 10, 11) shown] is enhanced markedly in the presence of a bindered base (Ref. 11) (Note a).
Access to synthetic disaccharides (2) containing ß-~mannopyranosyl residues, has been gained {Ref. 4) by use of a halide in which position-2 is constrained from playing a participating role at the anomeric centre, i.e., the 2,3-cyclic carbonate derivative, 6. Another approach (Ref. 16) , in which a suitably protected ß-~-gluco analog is oxidized at-position-2 and the ketone formed is then reduced to the manno epimer (Ref. 17) also has been successfully developed (Refs. 18, 19) for syntheses of ß-~-mannopyranosyl disaccharides and oligosaccharides. Although an 0-benzyl group is likely tobe a poorly participating substituent (Ref. 20) , the use of 3,4,6~tri-~acetyl-2-Q-benzyl-a-~mannopyranosyl bromide (I) in disaccharide synthesis afforded not a ß-anomer, but the-a-linked product, 8 (Ref. 4) . It has been recognized more recently in work with derivatives of 2-Q-benzyl~~glucose (Refs. 21 latter reason, we have now turned to reactions based on 2,3,4,6-tetra-0-benzyl-~-mannose (2), i.e., a glycosylating moeity bearing no 0-acyl substituent.
--In a variety of reactions in which 1-0-s~fonyl derivatives (e.g. 10) play an intermediate role (see following section), it was found (Refs. 23, 24) that the use of 9 with simple alkanals leads to mixtures of ~ and ß glycosides (in 85-90% overall yield). Thus, a 1:1 mixture of the anomeric methyl glycosides (11, 12) was obtained from the reaction of methanol with the 1-bromide (13) generated in situ (Ref. 23 ) with trifluoromethanesulfonic (triflic) anhydride and bromide ion in the presence of collidine; similarly, the reaction of aldose 9 with methanesulfonic (mesic) anhydride in collidine (Ref. 24 ) and then 2-propanol, gave a 1:1 mixture of the corresponding ~.ß-glycosides. In disaccharide synthesis, by contrast, only ~-anomers have been obtained (Ref. 24) ; e.g., disaccharide 14 was synthesized (~50% yield) by treating 9 with methanesulfonic anhydride in collidine-methylene chloride at room temperature followed by addition of 1,2:5,6-di-isopropylidene-~-~-glucofuranose.
Although the preponderant formation of a-anomers observed earlier with l ma;y well have involved participation of the 0-acyl substituents, the experimental conditions employed with ~ likely favor formation of a-anomers through kinetic control, as in reactions of the gluco epimer (following section). In any event, the present procedure offers a good synthetic raute to a-~-mannopyranosyl disaccharides, which avoids the formation of orthoester sideproducts, and gives higher yields, than the use of 0-acylated halides. 13c N.m.r. spectroscopy has been valuable for characterization of these glycosides of ~-man nose. Although a-and ß-anomers in this series may exhibit chemical shifts that are too similar for easy differentiation (Refs. 25, 26) , their configuration may be assigned confidently on the basis of 1~-l H-l measurements. That is, in common with various diastereemers (Refs. 27-29), a-mannosides ~xhibit 1 J values of ~170Hz, whereas values for their ß-anomers are closer to 160 Hz. Accordingly, th; methyl and isopropyl a-glycosides cited above gave 1~-l,H-l =168Hz ( 1~ for the ß-glycosides was 154-155 Hz) and disaccharides, including 14, gave values of 170-172 Hz. In addition, the 1 3c spectra afford an excellent means for determining the anomeric composition of non-crystalline products.
SYNTHESIS OF GLYCOSYL HALIDES AND GLYCOSIDES VIA 1-Q-SULFONYL DERIVATIVES
One of the objectives of this study has been to circumvent the use of acidic conditions that are customarily employed in the preparation of glycosyl halides (e.g., of a glycosyl bromide by the action of hydrogen bromide on a related 1-Q-acyl derivative) so that acid-labile blocking groups might be used more readily in glycoside synthesis. Another source of concern has been the problern of side reactions of glycosyl halides (Note a) in syntheses moderated by metal salts, although much improvement has been achieved in this direction recently (Refs. [30] [31] [32] [33] through the introduction of more efficient acid acceptors. Both of these objectives are met· in substantial measure by the use of 1-0-sulfonyl derivatives. Same reactions in this category have already been cited (preceding section). The base-catalysed reaction of aldose 9 with triflic anhydride in the presence of bromide ion led to formation of bromide 13, vii a 1-triflate intermediate. With the introduction of an alcohol, a convenient glycoside synthesis {Refs. 24,34) was effected. The steric outcome of the reaction should be influenced by the fact that halide exchange (Refs. 2,21,32) may occur under these conditions. This is consistent with what has been observed (Refs. 34, 35) in the analogaus reaction between 2,3,4,6-tetra-Q-benzyl-~-glucose (15) and suitable monosaccharide derivatives, which affords a-linked disaccharides Te.g. 16) selectively. That is, once the glycosyl halide has been formed in situ, the outcome of glycoside synthesis conforms to well-known principles (Note b). However, the present modification requires fewer steps, and thus is conducive to higher yields. Furthermore, it has permitted successful glycoside syntheses to be carried out with compounds bearing such acid-labile substituents as acyclic acetal {e.g., 17) cyclic acetal, or Q-trityl (Refs. 23 that the use of tetra-Q-acetyl-~-glucose in place of the Q-benzyl derivative (12) affords a 1,2-orthoacetate, rather than a glycoside.
It For analogaus syntheses directed towards oligosaccharides in the ~-~-ido series, a raute to 
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SYNTHESIS OF GLYCOSYL ESTERS
The marked acid-lability of cyclic 1,2-orthoesters is well-known, and the acid-catalysed reaction of an orthoester with an alcohol (Refs. An important model campeund in this context proved to be cyclohexaamylose; a good deal is known about its conformation in solution as well as in the solid state (Ref. 6l),and the 3~ H vs dihedral angle information it afforded served as a reference standard in evaluating the'disaccharide conformations mentioned above. Here, also, analysis of the l3c spectrum to obtain the inter-residue 13c-1 H couplings (C-l,H-4' 4.8 Hz, (C-4' ,H-1 5.2 Hz) was greatly facilitated through preparation (Refs. 51,58) of the tetra-C-deutero analog of the oligosaccharide ( 34). -It is worth noting that the retention of H-2' in 33 reflects (Ref. 62 ) the relatively slow rate of 1H-2H exchange of H-2 in methyl ß-glucoside. Presumably, the cis,gauche arrangementof H-2 and OMe allows for poor contact with the surface of the nickel catalyst. This possibility is emphasized by the fact that H-2 of isopropyl ß-glucopyranoside is even less prone to exchange, whereas H-2 of methyl ß-mannopyranoside (trans,gauche H-2/0Me) is readily replaced. Similarly, hindrance to exchange is found with H-3 of the a-anomers, in which that proton and the 1-Q-alkyl group are ~-periplanar, an effect that is reinforced by increasing the bulk of the aglycon substituent (Ref. 62) .
Note e. That is, at the natural 13 c abundance level. Observations on 13 c-1 H coupling between nuclei of the anomeric centre and those of appended substituents also have been made from 1 H n.m.r. spectra using 1 3c-enriched compounds (Refs. 27, 54, 55) . Suchobservations have contributed to the concept of an "exo-anomeric effect" (Ref. 54) , and to information about angle w in several disaccharides (Refs. 55, 56) .
